Diseases of the gallbladder commonly manifest as cholelithiasis and gallbladder cancer. Cholelithiasis has become a significant health problem in developed societies, affecting 10-15% of the adult population. Gallbladder polyps are incidentally detected in approximately 4-7% of patients. In addition, other gallbladder problems may also occur, but these are extremely rare: remnant cystic duct, gallbladder anomalies, Mirizzi syndrome, and gallbladder parasites. Endoscopic ultrasound (EUS) is an excellent method for visualizing the bile duct and gallbladder given its proximity when imaging from the duodenum. EUS can be used for evaluation of gallbladder disease that includes investigation of suspected cholelithiasis or biliary sludge, imaging of polypoid lesions of the gallbladder, and diagnosis and staging of gallbladder cancer. This procedure can be helpful to further distinguish benign from malignant or potentially malignant gallbladder polyps and play an important role in determining the treatment strategy for gallbladder polyps. Furthermore, EUS can help in the diagnosis of rarely gallbladder diseases such as remnant cystic duct, gallbladder anomalies, Mirizzi syndrome, and gallbladder parasites. Recent studies have suggested that EUS-guided gallbladder drainage (EUS-GBD) can be considered to be an effective emergency treatment for acute cholecystitis patients at high risk for surgery.
Introduction
The gallbladder diseases are relatively common. Of these, cholelithiasis is the most common pathology that affects 10-15% of the adult population. Other conditions such as gallbladder polyp are found in about 5% of the global population, while the estimated incidence of gallbladder cancer is approximately two cases per 100,000 population worldwide [1, 2] .
The diseases of gallbladder are generally diagnosed by several different imaging methods in the clinic. Endoscopic ultrasonography (EUS) was introduced in 1980 and has developed considerably in the past 30 years. EUS has recently played an increasing role in the diagnosis of gallbladder diseases [1, 3] . Clinical situations in which EUS can be used for evaluation of gallbladder disease include investigation of suspected cholelithiasis or biliary sludge, imaging of polypoid lesions of the gallbladder, and diagnosis and staging of gallbladder cancer. This diagnostic procedure provides high-resolution images that can improve the diagnosis of gallbladder diseases [1, 4] .
It is noteworthy that EUS is an accurate modality for imaging gallbladder structures because of the close proximity of the duodenum to the gallbladder and extrahepatic biliary tree. EUS can differentiate the double-layered structure of the gallbladder wall and provide higher resolution for imaging small polypoid lesions (<2 cm) with sensitivity to up to 91.7% and specificity to up to 87.7 [1, 4] . Finally, EUS-guided gallbladder drainage (EUS-GBD) is recently gaining favor as an attractive alternative for managing acute cholecystitis in highrisk patients. The advantages of EUS-GBD are the avoidance of external drainage (unlike percutaneous transhepatic gallbladder drainage) and the potential for no risk of post-ERCP (endoscopic retrograde cholangiopancreatography) pancreatitis or cholangitis (unlike transpapillary drainage) [5, 6] .
EUS and gallbladder microlithiasis
Gallstones (Cholelithiasis) constitute a significant health problem in developed societies, affecting 10-15% of the adult population. Microlithiasis is defined as small stones (radiological invisibility stones less than 5 mm in diameter and/or stones less than 3 mm in diameter) in the gallbladder and is also referred to as sludge, biliary sand, biliary sediment, microcrystalline disease, pseudolithiasis, and reversible choledocholithiasis [7] [8] [9] .
Transabdominal US is considered the gold standard for evaluation of gallbladder stones that have been shown to have a high sensitivity (about 98%) for the detection of cholecystolithiasis. However, in some patients, this procedure may miss gallstones, particularly those with small gallstones, and a high level of clinical suspicion for cholelithiasis may make additional studies warranted. Detection of the gallbladder microlithiasis because of their small size may be difficult [4, 8] . Microlithiasis in the gallbladder may be undetected by transabdominal ultrasound and rarely detected on other imaging modalities including multidetector computed tomography (CT) and magnetic resonance imaging (MRI). In some patients with microlithiasis, biliary sludge and/or gallstones can be detected by EUS, with its high spatial resolution [9] [10] [11] .
It is noteworthy that idiopathic pancreatitis is diagnosed in 10-30% of acute pancreatitis episodes. Recent studies have suggested that microlithiasis is a cause of unexplained pancreatitis in up to 75% of patients with an intact gallbladder [11, 12] . Given the high incidence of microlithiasis and/or biliary sludge as a cause of idiopathic pancreatitis and high accuracy of EUS for recognizing these diagnoses, EUS should be considered as a minimally invasive highly accurate diagnostic tool for idiopathic pancreatitis after conventional radiography fails (Figure 1) .
Overall, the diagnostic yield of EUS in recurrent idiopathic pancreatitis (RIP) varies from 32 to 88%. Chronic pancreatitis, identified by EUS, is emerging as an important and potential cause of RIP, although EUS may be lack of specificity in the diagnosis of chronic pancreatitis if secretin stimulation testing is used as the gold standard. Preliminary observations indicate that EUS may decrease the need for ERCP through the identification of microlithiasis and chronic pancreatitis [11, 13] .
EUS and gallbladder polypoid lesions
The gallbladder polypoid lesions are relatively common, with a reported prevalence of approximately 3-7% in patients who undergo transabdominal ultrasonography (US).
On US, these masses have an image with similar echogenicity as that of the gallbladder wall, the lesion projects into the lumen, are fixed, and lack an acoustic shadow. Gallbladder polyps are classified as benign or malignant [4, 14] . Cholesterol polyps are most common benign polypoid gallbladder lesions (62.8%), which appear as pedunculated lesions with a granular surface and an internal echo pattern of a tiny echogenic spot or spots, sometimes with echopenic areas. Other polypoid lesions include adenomyomatosis, adenoma, and adenocarcinoma. The poor prognosis of gallbladder carcinoma patients means it is important to differentiate between benign polyps and malignant or premalignant polyps [14, 15] .
The development and refinement of diagnostic imaging modalities such as EUS and their widespread application have led to an increase in the coincidental diagnosis of gallbladder polyps. Current recommendations for the management of gallbladder polyps are based largely on polyp size. Gallbladder polyps larger than 10 mm in diameter, particularly among patients more than 50 years of age, are generally indications for cholecystectomy because of the risk of malignancy [4, 14, 16] .
Transabdominal ultrasonography (US) has made the detection of gallbladder polyps easier, but the differential diagnosis of polyps less than 20 mm remains difficult. EUS can be helpful to further distinguish benign from malignant or potentially malignant gallbladder polyps, and is superior to transabdominal US for this purpose. Overall, EUS markedly improves the accuracy of the differential diagnosis of gallbladder polyps and is thought to play an important role in determining the treatment strategy for gallbladder polyps [4, 14, 17] .
Adenomyomatoses
Adenomyomatosis is a non-inflammatory gallbladder alteration that occurs in middle age patients and the incidence increases with age. Adenomyomatosis of the gallbladder (GA) remains a common entity among benign gallbladder masses, diagnosed in 2-8% of all cholecystectomies in recent studies. The differentiation of GA from gallbladder cancer is still required because of the similarity in the appearance between gallbladder adenomyomatosis and gallbladder cancer, although many studies have reported imaging findings of adenomyomatosis of the gallbladder using US, computed tomography (CT), magnetic resonance imaging (MRI) and EUS [15, 18, 19] .
EUS is a minimally invasive imaging method that can provide high quality images of the gallbladder. EUS has been reported to identify gallbladder adenomyomatosis lesions that were missed by routine abdominal ultrasound. However, this procedure may mistakenly misdiagnose gallbladder cancer as adenomyomatosis. This inaccuracy may occur because of the sole presence of multiple microcysts that can also be seen in gallbladder cancer. In addition to this, EUS provides an additional valuable function, which is the ability to perform EUS fine-needle aspiration of local lymph nodes, although a resectable gallbladder mass suspicious for cancer should not undergo biopsy due to the risk of seeding. Due to the high cost of performing EUS (its relative invasiveness) and the advanced training it requires, ultrasound remains the primary screening method. So, EUS may be unnecessary in patients in whom ultrasonography produces characteristic findings of adenomyomatosis [18] [19] [20] .
Gallbladder carcinoma
Gallbladder carcinoma (GBC) is the fifth most common gastrointestinal malignancy and the most common biliary tract cancer, accounting for 3% of all tumors. Detection and diagnosis of the gallbladder carcinoma in its early stages is hard because it usually has very slight symptoms or is asymptomatic (Figure 2) . But once the diagnosis is confirmed, most of these patients often have metastasis and invasion. In addition to this, gallbladder carcinoma is not sensitive to radiotherapy and chemotherapy. All of these characteristics make gallbladder carcinoma as a highly lethal tumor with a five-year survival rate of less than 5% [16, 21] . Many of the signs and symptoms of gallbladder carcinoma are nonspecific, so it is more likely to be diagnosed at an advanced stage in patients and is associated with a high mortality rate. It is important the accurate preoperative staging ( Table 1) of gallbladder carcinoma, because staging is essential to determine the operative approach, and depth of invasion (T stage) closely correlates with prognosis [4, 15] .
Considering that survival after simple cholecystectomy for T1 disease is reported to be near 100%. It becomes increasingly necessary for early diagnosis and identifying patients at high risk of gallbladder carcinoma. As mentioned earlier, EUS can be helpful to distinguish benign from malignant or potentially malignant gallbladder polyps (Figure 3) .
In addition, there has been interest in using EUS for preoperative staging of gallbladder carcinoma because of this procedure allow detailed visualization of the layers of the gallbladder wall [4, 16] . This procedure is more sensitive than transabdominal US and has the added benefit of determining depth of invasion, extent of local disease, and nodal disease. Moreover, diagnostic accuracy of EUS has been shown for T-stage: Tis-stage 100%, T1-stage 75.6%, T2-stage 85.3%, and T3,4-stage 92.7%. EUS also adds the possibility of fine needle aspiration (FNA) for tissue diagnosis of the primary as well as lymph nodes, where diagnostic accuracy approaches 100% [16, 21] .
Finally, a scoring system to predict malignant gallbladder polyps has been presented. The total EUS score on the basis of coefficient of multivariate analysis has been shown as follows: (maximum diameter in mm) + (internal echo pattern score; where heterogeneous = 4, homogeneous = 0) + (hyperechoic spot score; where presence = − 5, absence = 0). According to EUS scoring system, the specificity, sensitivity, and accuracy for the risk of malignant gallbladder polyps with scores of 12 or higher were reported for 83, 78, and 83%, respectively [4, 15] . Proposed algorithm for management of gallbladder polyps is shown in Figure 4 . T1b, tumor invades muscle layer T2, tumor invades perimuscular connective tissue; no extension beyond serosa or into liver T3, tumor perforates the serosa (visceral peritoneum) and/or directly invades the liver and/or one other adjacent organ or structure T4, tumor invades main portal vein or hepatic artery or invades two or more extrahepatic organs or structures Regional lymph nodes (N) NX, regional lymph nodes cannot be assessed N0, no regional lymph node metastasis N1, metastases to nodes along the cystic duct, common bile duct, hepatic artery, and/or portal vein N2, metastases to periaortic, pericaval, superior mesenteric artery, and/or celiac artery lymph nodes
Distant metastasis (M)
M0, no distant metastasis M1, distant metastasis Table 1 . TNM (tumor, node, metastasis) staging of gallbladder carcinoma [4] .
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EUS and remnant cystic duct
Postcholecystectomy syndrome (PCS) is a common manifestation in patients with cholecystectomy. Choledocholithiasis, biliary dyskinesia, and dilation of cystic duct remnants are common causes of these symptoms. Cystic duct or gallbladder remnant with or without stones is one of the important causes of postcholecystectomy syndrome [22, 23] . Usually, a cystic duct remnant measuring 1-2 cm in length is left, although remnants can be seen up to 6 cm in length. Stones in the gallbladder remnant after cholecystectomy are difficult to identify [23, 24] .
Recent progress in radiological imaging has greatly improved diagnostic accuracy in detecting the causes of persistence of symptoms in postcholecystectomy patients. Noninvasive methods of imaging such as US, CT scan, MRCP, and ERCP have been used effectively for diagnosis of gallbladder remnant with or without stones in patients complaining of symptoms suggestive of postcholecystectomy syndrome. Nevertheless, diagnosis of residual gallbladder with gallstones remains difficult. EUS is an excellent diagnostic modality in this situation. EUS procedure is indicated in the presence of strong clinical suspicion with a negative finding on abdominal US. Furthermore, EUS has proven feasibility in diagnosing liver and biliary pathologies with sensitivity and specificity of 96.2 and 88.9%, respectively, and has also been shown to be cost effective in preventing a number of ERCPs [24] [25] [26] . 
EUS and Mirizzi syndrome
Mirizzi syndrome is the extrinsic compression of the bile duct by a gallstone at the level of the gallbladder neck or at the cystic duct level. Pablo Luis Mirizzi first described the syndrome in 1948 [27, 28] . Mirizzi syndrome occurs in 0.7-2.8% of patients undergoing cholecystectomy. The syndrome represents a diagnostic challenge because standard imaging may fail to demonstrate external compression of the bile duct, and no findings are pathognomonic for Mirizzi syndrome. However, awareness and diagnosis of this syndrome are essential for safe operative intervention due to the high risk of injury to the bile duct during surgical procedures [28, 29] .
ERCP is considered as a procedure of choice for diagnosis of Mirizzi syndrome. The radiological manifestations of the syndrome may be misinterpreted as a tumor of the gallbladder or the cystic duct, metastatic disease of the hilum or acute cholecystitis. These diseases should be differentiated from Mirizzi syndrome by a CT scan or an ultrasound. EUS images depicting Mirizzi syndrome are rare [28, 30] . However, very few studies use EUS as a diagnostic method for this syndrome. This seemed strange because EUS is a procedure that allows the observation of the complete bile duct. Furthermore, EUS adequately evaluates the condition of the whole gallbladder, from the bottom to the cystic duct, which is the place in which Mirizzi specifically locates. Finally, since EUS is less risky and less expensive than ERCP, it is suggested that EUS is used as the first diagnostic procedure to confirm whether or not this syndrome is present [27, 29] .
EUS and gallbladder anomalies
The gallbladder is affected by a large number of congenital anomalies, which may affect its location, number, size, or form. Congenital abnormalities of the gallbladder and biliary system result from embryonic maldevelopment and are most interesting for the surgeon attempting to identify biliary anatomy at cholecystectomy. Some of gallbladder malformations are very rare and may lead to misdiagnosis. Being difficult to diagnose during routine preoperative studies, these anomalies can provide surgeons with an unusual surprise during laparoscopic surgery [31] [32] [33] .
Preoperative imaging of patients with anomalies of the gallbladder and biliary tract includes US, CT, MRI, EUS, and ERCP. Anomalies of the number of gallbladder include its agenesis and duplication, which may be difficult to diagnose with the use of ultrasound. Agenesis of the gallbladder is very rare, having a prevalence of 0.007-0.13%. Abdominal CT exposes patients to radiation and might not able to provide detailed anatomy of the gallbladder anomalies compared to magnetic resonance cholangiopancreatography (MRCP). Studies have shown that intraoperative ultrasound and postoperative MRCP or EUS can help in the diagnosis of agenesis or ectopic gallbladder. Overall, it is thought that ultrasonography is the primary imaging modality for gallbladder anomalies with CT, MRI being even more helpful, and the MRCP or EUS providing a more thorough visualization of the biliary tract [31, 34, 35] .
EUS and gallbladder parasites
Parasitic infections of the biliary tract are a major concern in the tropical and subtropical countries with significant morbidity and mortality. These infections occur most commonly with Ascaris lumbricoides, Clonorchis sinensis, Opisthorchis felineus, and Fasciola hepatica. Biliary tree parasites can cause cholecystitis, recurrent cholangitis, biliary obstruction, stone formation, and biliary tree strictures, and some may lead to cholangiocarcinoma. Hence, it is important to be aware of the clinical features, diagnostic modalities, and management strategies for various parasites that infest the biliary tract [36] [37] [38] .
Ultrasonography, CT, and MRI are not only important in the diagnosis of parasitic biliary diseases but also in the follow-up and surveillance. Furthermore, ERCP is a highly sensitive procedure to demonstrate the presence of parasites in the biliary tree [39, 40] . This procedure is also used in the therapy of biliary parasitic infestations and carries less morbidity and mortality than the surgical approach. It is noteworthy that EUS may also be helpful in the detection of a mobile worm in the extrahepatic bile duct. This diagnostic method can also be a sensitive imaging modality for the extrahepatic bile duct in real time and may be useful for the diagnosis of biliary fascioliasis. Overall, several studies have shown that EUS may be helpful in the diagnosis of parasites in the biliary tract including Fasciola hepatica and Ascaris [40] [41] [42] .
EUS-guided gallbladder drainage
Acute cholecystitis is defined as an acute inflammation of the gallbladder wall, regardless of the cause. It results from obstruction to the cystic duct secondary to multiple causes, of which cholelithiasis is the most common followed by benign or malignant biliary strictures. The first line management of acute cholecystitis remains cholecystectomy for patients with good operative candidates. However, early surgical management in elderly patients, those with multiple comorbidities, and those with severe cholecystitis is associated with increased morbidity and mortality [43] [44] [45] .
Percutaneous transhepatic gallbladder drainage (PTGBD) has been considered the preferred method for several decades in patients with high surgical risk. Although PTGBD has a technical success of nearly 97%, clinical response rates range from 56 to 100% and is also associated with adverse events as high as 14%. PTGBD may be inappropriate for patients with uncorrectable coagulopathy or massive ascites. Moreover, patient discomfort and postprocedure pain have been associated with the percutaneous drainage catheters [46, 47] .
Endoscopic gallbladder drainage (GBD) technique includes transpapillary gallbladder stenting, transpapillary gallbladder drainage with nasobiliary drainage (ENGBD), and EUSguided gallbladder drainage (EUS-GBD). EUS-GBD is recently gaining favor as an attractive alternative approach for management of acute cholecystitis in high-risk surgical patients [5, 46] . EUS-GBD has been performed by using plastic stents, nasobiliary catheters, covered self-expandable metal stents, and, most recently, lumen-apposing metal stents (LAMSs). Selfexpandable metal stents have an advantage over plastic stents because of their ability to seal the gap between the stent and the gallbladder wall, theoretically reducing bile leaks. The perceived advantages of EUS-GBD are the avoidance of external drainage, internalization of bile, less postprocedure pain (unlike PTGBD), and the potential for no risk of ERCP pancreatitis or cholangitis (unlike transpapillary drainage) [6, 48] .
Conclusion
EUS is an important new modality for the evaluation of gallbladder disease. This procedure can effectively identify patients with cholelithiasis and gallbladder microlithiasis. Furthermore, studies have shown that EUS can help in the diagnosis of remnant cystic duct, gallbladder anomalies, Mirizzi syndrome, and gallbladder parasites. Polypoid lesions of the gallbladder can be accurately classified by EUS, which can also be safely used to perform FNA to provide a histologic diagnosis. EUS staging of gallbladder carcinoma can help guide therapy and predict prognosis. Recently, EUS-GBD has become an attractive alternative procedure for management of acute cholecystitis in high-risk surgical patients.
